The aim of this study was to investigate the effects of domestic waste on aquatic bacterial distribution in the Meric River located in the city centre of Edirne (Turkey). For this purpose, total mesophilic aerobic bacteria, total coliform, faecal coliform, and Eschericia coli bacteria were examined in the river. Also, some physicochemical features (water temperature, dissolved oxygen, pH, conductivity, total hardness, magnesium, calcium, orthophosphate, nitrite nitrogen and nitrate nitrogen) were measured at the same time with bacterial sampling. The Spearman correlation index was used to evaluate the correlation between the bacterial distribution and environmental features. According to the results of the index, it was found that bacterial distribution related with some environmental variables, but overloading of wastewaters from settlements lead to bacterial contamination. Furthermore, bacterial and physicochemical datasets were grouped using some multivariate analysis techniques (cluster analysis, principle components, and correspondence analysis). The results grouped the sampling localities by their bacterial, including physicochemical, features.
INTRODUCTION
People take water from the hydrological circle, use it and then return it back to the circle after changing its physicochemical and bacteriological features. Rapid growth of population of the recent years, industrial developments, and agricultural activities lead to water pollution in aquatic ecosystems. The increasing demand for clean water resources requires monitoring of fresh water. Awareness of current biological and physicochemical properties of water resources is very important for ensuring their sustainable use. In recent years, coliform bacteria have been used as indicator microorganisms to determine the quality of surface waters. Their distribution can also change depending on such environmental parameters as temperature and pH (Lindstrom et al., 2005) . Also, E. coli bacteria is known as a pollution indicator species in aquatic environments (Kenar, Altindis, 2001). Although inland waters have some microorganisms naturally, other microorganisms from soil, air, and settlements can also enter aquatic environments. Thus the inclusion of bacteria of a water resource can increase.
The Meric River has its origin in Bulgaria, enters Turkey in the city of Edirne, and flows into the Aegean Sea from Saros Bay. The river forms the border between Greece and Turkey. Before becoming the border, the Meric River flows through the centre of Edirne. This study investigated the effects of domestic waste waters from Edirne on bacterial distribution, including the Meric River. Also, some multivariate analysis techniques were used to evaluate datasets of environmental and bacteriological findings.
MATERIALS AND METHODS

The sampling area
The city centre of Edirne is located in the European part of Turkey (Turkish Thrace). The Meric River (the Maritsa River in Bulgarian; the Evros River in Greek) enters the city from Bulgaria and passes through the city centre. The river is the border between Greece and Turkey, then it flows into the Aegean Sea after making a class A wetland in both Turkey and Greece. Five different stations on the Meric River located on Edirne city centre were chosen for this study. Sampling was done at monthly intervals during the period from December 2012 to May 2013. Station 1 was located at the spot where the river enters the city centre. Station 2 was based in a locality partly affected by people. Station 3 was positioned near the area where the wastewaters of Edirne are discharged into the river. Station 4 was located in a sparsely populated area, and station 5 was placed relatively far from the city centre compared to other stations (Fig. 1) .
Sampling was made to obtain the number of total mesophilic aerobic bacteria (TMAB), total coliform bacteria (TCB), faecal coliform bacteria (FCB), and E. coli bacteria by using the membrane filtration method. For this aim, dilutions between 10 -2 and 10 -6 were used for bacterial incubation (Halkman, 2005) . The R2A agar was used for total mesophilic aerobic bacteria (at 37 ± 0.1°C, 24 hours), Endo-NKS (Sartorius) agar was used for total coliform bacteria (at 37 ± 0.1°C, 24 hours), and mFC-NKS (Sartorius) nutrient pad systems were used for faecal coliform bacteria (at 44.5 ± 0.1°C, 24 hours). E. coli bacteria were identified biochemically by using the IMVIC test.
Furthermore, some environmental variables (water temperature, dissolved oxygen, pH, conductivity, total hardness, calcium, magnesium, salinity, chloride, o-PO 4 , NO 2 -N, NO 3 -N) were measured during bacterial sampling. While some parameters (water temperature, dissolved oxygen, pH, and conductivity) were measured during field studies, the others were measured in a laboratory through the application of classical chemical methods (Egemen, Sunlu, 1999) .
Spearman correlation index was applied to determine the correlation between the bacteria Fig. 1 . Locations of the sampling stations and environmental features (Krebs, 1999) . Also, some multivariate statistical techniques (cluster analysis, correspondence analysis, and principal component analysis) in Microsoft Office Excel 2003 and SPSS 9.0 for Windows were used to evaluate the datasets. Cluster analysis was used to evaluate similarities between the sampling stations and the results were supported by principle component analysis. Thus, the datasets of environmental parameters and bacteriological findings were grouped.
RESULTS AND DISCUSSION
Total mesophilic aerobic bacteria can occur both in aquatic environments and in land area. Total coliform bacteria, including faecal coliforms, are common in aquatic ecosystems but the numbers should be limited.
It was determined in this study that the numbers of bacteria ranged between 8.6 × 10 4 and 1.2 × 10 7 cfu/100 mL for TMAB, between 6.0 × 10 3 and 4.8 × 10 6 cfu/100 mL for TCB, and between 3.3 × 10 2 and 3.9 × 10 5 cfu/100 mL for FCB (Fig. 2) . The results found were at an expected level of bacteria in aquatic environments, because TCB includes FCB, and TMAB includes both of them.
According to the bacterial findings at the sampling stations, including TMAB, TCB, and FCB, station 3 was found to have the highest bacterial numbers (Fig. 3) . The findings were supported by cluster analyses (Fig. 4) . Also, the results were grouped by principle (Figs. 5, 6 ).
E. coli bacteria was found in all sampling stations, which indicates bacterial contamination from settlements. It is known that this bacteria lives in the digestive system of humans and warm-blooded animals. Therefore, the findings of E. coli bacteria in the study confirms bacterial contamination of the river.
Furthermore, it was observed that the numbers of TCB and FCB in some sampling stations decrease due to low oxygen values. In this study, it was observed that the water temperature ranged between 4.5°C and 22°C, pH values ranged between 7.4 and 8.4, conductivity ranged between 172 µS/cm and 798 µS/cm, dissolved oxygen ranged between 1.9 and 11 mg/L, total hardness ranged between 9.8°Fr and 29°Fr, phosphate values ranged between 0.05 and 0.8 mg/L, and nitrate nitrogen values ranged between 2.5 and 90 mg/L (Table 1, 2) . No nitrite nitrogen was found at the sampling stations.
Physicochemical features like temperature, pH, conductivity, dissolved oxygen, nutrients, and light can affect bacterial distribution in water resources. Temperature is a very important feature which affected the distribution and growth of bacteria in water ecosystems (Arda, 2000). Also, temperature affects a lot of physicochemical reactions in water. Metabolic activities in microorganisms are related with pH values (Koru, Cirik, 2003) . Keeton et al. (2003) reported that bacteria have maximum growth at pH values in the range of 6.5 to 7.5. Dissolved oxygen and conductivity are very important parameters in determining biological distribution in the water. According to Spearman correlation index, this study found that bacterial distribution had a positive correlation with conductivity, but it had a negative correlation with total hardness. Also, it was determined that the numbers of TCB at station 1 were correlated with magnesium (r = +0.88, p < 0.05) and phosphate (r = -0.82, p < 0.05); the numbers of TCB at station 3 were correlated with conductivity (r = +0.94, p < 0.05) and pH (r = -0.82, p < 0.05); the numbers of TCB at station 4 were correlated with pH (r = +0.81, p < 0.05), dissolved oxygen (r = +0.88, p < 0.05); the numbers of TMAB at station 5 were correlated with pH and dissolved oxygen (r = +0.82, p < 0.05). No statistical significance was found between the other measured parameters and numbers of bacteria (p > 0.05).
Although it was reported in previous studies that seasonal changes in temperature had correlations with the distribution of bacterial counts in aquatic environments (Swiatecki, 1997 ; Altinoluk-Mimiroglu, Camur-Elipek, 2017), the relation between bacterial counts and temperature was not found statistically meaningful. This situation can be explained by allochthonous bacteria in the river. When low temperature values were measured in the river, the number of bacteria could increase due to waste waters from the city.
Similar to the findings of our study, the conductivity and phosphate have positive correlations with heterotrophic bacteria counts in a previous study by Altinoluk-Mimiroglu and Camur-Elipek (2017).
According to the results of multivariate analysis, it was found that stations 2 and 5 were the most similar to each other (with the similarity rate of 94% for cluster analysis) and stations 1 and 3 were the most different (the similarity rate of 10%) with regard to the existing bacteria (Fig. 1) . Although it was found that stations 1 and 3 had the highest similarity rate according to the environmental parameters, these stations differed the most regarding bacterial distribution. Such a situation can be explained by external bacteria loaded to the river.
Bacteriological findings in this study emphasize that polluted material that enters to the River has to be controlled. particular, anthropogenic activities related to aquatic ecosystems affect the bacteria and these activities do not permit to autochthonic effects of environmental factors. In this study it was also observed that bacteria at station 3 consisted of wastewater system that enters the river without control (Fig. 4) . Consequently, an increase in FCB leads a limited water usage, it should be emergency prevents for the River. Erosional material from the flooded river can transport bacteria and nutrients into the river. Therefore, to provide sustainable usage of the River, uncontrolled discharges and overloaded can be prevented immediately.
